One of the hallmarks of learning processes in any species studied so far is that they require intact protein synthesis machinery in order to consolidate memories. Interestingly, synaptic plasticity and consolidation processes share similar molecular mechanisms. In recent years, different laboratories have been studying regulation of translation machinery as a molecular entity underlying the consolidation process. Protein synthesis consists of three phases: initiation, elongation, and termination. The initiation step is considered the rate limiting step of protein synthesis. However, there is growing evidence that critical regulation of protein synthesis occurs at the elongation phase as well. Here, we focus on the eukaryotic elongation factor 2 (eEF2) pathway as a major regulator of protein synthesis, synaptic plasticity and memory consolidation.
Introduction
Translation in eukaryotic cells is a process of protein synthesis by decoding mRNA. Translation enables cells to rapidly alter protein production without spending additional time and energy on new mRNA transcription (Dever, 2002) . There are three steps in protein translation: initiation, elongation, and termination, all of which require specific factors and are highly regulated due to energy investment (Richter & Klann, 2009) . The initiation step is the most tightly regulated and is considered as a rate limiting step in protein translation (Herbert & Proud, 2006) .
Protein translation initiation begins upon binding of a capstructure located on the eukaryotic mRNA to eukaryotic initiation factor 4E (eIF4E) (Gingras, Raught, & Sonenberg, 1999) . This first contact between the mRNA and the translation machinery begins the process known as cap-dependent translation, and is part of a cascade of protein phosphorylations, many of which can serve as targets for regulation (for review on initiation regulation see Costa-Mattioli, Sossin, Klann, & Sonenberg, 2009; Klann & Dever, 2004) . eIF4E is phosphorylated by Mnk (Scheper & Proud, 2002) , and is downstream to the ERK-MAPK signaling pathway. Phosphorylation of 4EBP, occurring downstream to the mTOR pathway, releases the inhibition of eIF4E and facilitates the initiation step (Brunn et al., 1996; Gingras, Raught, & Sonenberg, 2001 ). Another point for translation regulation is phosphorylation of eIF2 a-subunit, resulting in inhibition of translation (Dever, 2002; Yang & Hinnebusch, 1996) . The 40S ribosomal protein S6 undergoes phosphorylation as well, and increases in phosphorylation levels of S6 increase translation initiation (Dufner & Thomas, 1999) . The well-studied target of rapamycin complex 1 (mTORC1) pathway was found to be upstream of additional targets like S6 kinase 1 (S6K1) (Hay & Sonenberg, 2004) and eukaryotic elongation factor 2 kinase (eEF2K). eEF2K can be inhibited through phosphorylation by S6K (Herbert & Proud, 2006) . Thus, S6K regulates both the initiation and elongation phases of translation.
The elongation phase is the second step of protein translation, through which additional amino acids are added to the growing peptide. Eukaryotic elongation factors 1A and 1B (eEF1A and eEF1B) are recruiters of new amynoacyl-tRNA to the ribosomal A-site (Browne & Proud, 2002) . Elongation factor 2 (eEF2) mediates translocation of peptidyl-tRNA from the ribosomal A-site to P-site by GTP hydrolysis (Montanaro, Sperti, Testoni, & Mattioli, 1976) . eEF2 is phosphorylated on Thr-56 by its single known kinase, eEF2K, also known as CaMKIII (Ca 2+ and calmodulin dependent protein) , resulting in inactivation of eEF2 and inhibition of the elongation step. This inhibition decreases general protein translation, but evidently can increase translation of some mRNAs (Chotiner, Khorasani, Nairn, O'Dell, & Watson, 2003; Park et al., 2008) . Activity of eEF2K can become Ca 2+ -calmodulin independent by PKA phosphorylation (Fig. 1) . Furthermore, eEF2K activity is inhibited upon phosphorylation by other protein kinases like p38 MAPK, S6K, and mTOR (Browne & Proud, 2002) , suggesting more complex regulation of the elongation step, dependent on particular cellular conditions.
Translation is also regulated in a spatial manner and occurs by mRNA localization to a specific site (Gonsalvez & Long, 2012) . In neurons this localization is primarily important in synapses, where local de-novo protein synthesis is thought to be important for memory and synaptic plasticity consolidation (Kang & Schuman, 1996) .
Proteins involved in translation regulation have been also reported to play a major role in memory consolidation, and their expression is elevated in specific brain regions subserving memory tasks studied. For example, contextual fear conditioning decreases phosphorylation of eIF2a in the hippocampus (Costa-Mattioli et al., 2007) and taste learning decreases phosphorylation in the gustatory cortex (Stern, Chinnakkaruppan, David, Sonenberg, & Rosenblum, 2013) , suggesting increased initiation rate following learning. In addition, phosphorylation of S6, S6K1, and ERK is increased following fear conditioning (Kelleher, Govindarajan, Jung, Kang, & Tonegawa, 2004; Parsons, Gafford, & Helmstetter, 2006) . Interestingly, ERK activation in the cortex and hippocampus was found to be correlated also with experimental setting (Belelovsky, Maroun, & Rosenblum, 2007) .
Analogous results are shown in the hippocampus-dependent fear-motivated learning task of inhibitory avoidance in rats. For example, a rapid increase of mTOR and S6K1 levels is observed in the hippocampus-dependent learning task of inhibitory avoidance in rats (Bekinschtein et al., 2007) . Similarly, mTOR and S6K1 phosphorylation is increased in a two-wave form in the gustatory cortex following novel taste learning in rats (Belelovsky, Kaphzan, Elkobi, & Rosenblum, 2009 ). These brain region-specific elevations in phosphorylation of translation factors are localized, at least in part, to the synapse, as Belelovsky et al. (2009) report increased S6K1 phosphorylation in the synaptoneurosomal fraction following learning, linking translation regulation at the synapses with memory consolidation.
Late-phase LTP (L-LTP) induction in the CA1 region of the hippocampus was reported to be mTOR-dependent (Cammalleri et al., 2003; Tang et al., 2002) as well. In addition, L-LTP is impaired in apical but not at basal dendrites following local application of the protein synthesis inhibitor emetine to the apical dendritic field of CA1 pyramidal cells in the murine hippocampus, and vice versa (Bradshaw, Emptage, & Bliss, 2003) . Consistently, within minutes of high-frequency stimulation, mTOR-dependent synthesis of multiple translational proteins increases in the CA1 region of the hippocampus (Tsokas, Ma, Iyengar, Landau, & Blitzer, 2007) .
A more reductionist approach tested the modulatory effect of a single neurotransmitter or combinations of neurotransmitters in time and space on the translation machinery in neurons (for review see Gal-Ben-Ari et al., 2012) . Interestingly, dopamine and Nmethyl-D-aspartate (NMDA) converge on the NMDA receptor itself to induce ERK activation and Rsk translation in the mature hippocampus (Kaphzan, Doron, & Rosenblum, 2007; Kaphzan, O'Riordan, Mangan, Levenson, & Rosenblum, 2006) .
eEF2 pathway
eEF2 is a monomeric protein of 95 kDa, containing 857 amino acid residues. Its gene is located in chromosome 19 in humans, and is 9407 bp long (for review see Proud, 2007) ). eEF2 is a member of the G-protein super family, which undergoes conformational changes upon binding of a guanosine nucleotide and hydrolysis of the bound GTP at the N-terminus (Bartish & Nygard, 2008; Ovchinnikov et al., 1990) . eEF2-bound GTP is hydrolyzed in the translocation process of peptidyl-tRNA from the ribosomal A-site to P-site (Merrick & Nyborg, 2000) . Thus, eEF2 leaves the ribosome as inactive eEF2-GDP.
Phosphorylation of eEF2 on Thr56 inhibits its activity by preventing it from binding to the ribosome, thus inhibiting protein synthesis (Redpath, Price, Severinov, & Proud, 1993 , eEF2K inhibits eEF2 activity by phosphorylation, which results in attenuated cap-dependent translation, but evidently, can increase translation of other proteins like Arc, BDNF, and, aCAMKII. (C) Possible mTOR pathway for translation regulation. mTOR can regulate eEF2 phosphorylation and, consequently, elongation by phosphorylation of S6K1 for example, which can then inhibit eEF2K activity by phosphorylation (different phosphorylation site from PKA), leading to decreased phospho-eEF2 levels and increased elongation rate.
undergo auto-phosphorylation, resulting in the ability to phosphorylate eEF2 in the absence of added Ca 2+ ions and calmodulin (Marin et al., 1997; Nairn & Palfrey, 1987) . Insulin and a number of other stimuli (e.g., amino acids) induce eEF2 dephosphorylation via activation of mTOR signaling resulting in eEF2K inhibition, ultimately leading to an elevated rate of elongation (Redpath, Foulstone, & Proud, 1996) . This has been demonstrated using rapamycin, an mTORC1 inhibitor, which blocks eEF2K inactivation, indicating that eEF2K is a target for regulation by mTOR (see Fig. 1 ). Furthermore, subsequent work revealed that eEF2K is a substrate for p70S6 kinase (S6K1), which is activated by insulin in an mTOR-dependent manner. eEF2K is phosphorylated at a single site (ser366 in human protein) by S6K1, leading to eEF2K inactivation at basal Ca 2+ ion concentrations, thereby providing a mechanism by which insulin can switch off eEF2K activity. As a result of eEF2K phosphorylation, eEF2 is activated, leading to elongation rate enhancement ). An additional mechanism for controlling eEF2K-eEF2 pathway is by cAMP-dependent protein kinase (PKA) through the phosphorylation of eEF2K (Mitsui, Brady, Palfrey, & Nairn, 1993; Redpath et al., 1993 and see Fig. 1 ). It has been reported that pharmacological treatment with forskolin or b-adrenergic agonist isoproterenol, both known to induce cAMP elevation, lift up the phosphorylation of eEF2, thereby inhibiting the elongation process and protein synthesis (Diggle, Redpath, Heesom, & Denton, 1998; McLeod, Wang, & Proud, 2001 ). Diggle et al. (2001) found the phosphorylated site by PKA in rat eEF2K to be Ser499 (Ser500 in the human sequence), which lies outside the putative catalytic domain. Replacement of Ser 499 with Asp yielded a constitutively active form of eEF2K.
Nutrients, especially amino acids, can positively modulate protein synthesis via mTOR-dependent inputs through the control of eEF2K. For example, under high-nutrients conditions an increase in the concentration of amino acids leads to protein synthesis, which may be one of the mechanisms of protein synthesis regulation. It has been shown that the effect of glutamate receptor stimulation in cultured chick cerebellar Bergmann glia on protein synthesis is biphasic, and leads to increase of eEF2 phosphorylation in these cells. In addition, the activation of eEF2K by glutamate plays a role in reprogramming translation, which enhances the expression of proteins involved in the metabolic dialogue between glutamatergic neurons and their surrounding glia (Barrera, Hernandez-Kelly, Castelan, & Ortega, 2008) . However, amino acid deprivation is known to affect the initiation phase of protein synthesis as well, through the eIF2a kinase GCN2 (Wek, Jiang, & Anthony, 2006) .
Translation elongation is expensive in terms of metabolic energy, and may therefore be inhibited when energy demands increase. One important pathological situation that arises is during cerebral ischemia (for example, as occurs during a stroke), as this is accompanied by increased eEF2 phosphorylation, indicating that translation elongation is inhibited (Althausen et al., 2001) . Incubation of cells with 2-deoxyglucose, a metabolic poison, leads to marked increase of eEF2 phosphorylation (Horman et al., 2002) . Since protein translation requires a considerable amount of cellular energy it seems that eEF2 is one of the important factors regulating protein synthesis during energy depletion or nutrient deprivation. Neurons are known to be extremely sensitive to energy depletion or nutrient deprivation but in addition, posses an additional complication in terms of sub-cellular compartments as translation occurs both at cell body and dendrites. Indeed, a growing body of evidence suggests that malfunction of the translation machinery in neurons plays a major role in different brain diseases. However, this subject is beyond the scope of this review (Ehninger et al., 2008 ; for review see Lee & Silva, 2009 ).
eEF2 pathway and synaptic plasticity
It has long been known that translational machinery operates in neuronal dendrites (Gambetti, Autilio-Gambetti, Gonatas, & Shafer, 1972; Gardiol, Racca, & Triller, 1999; Morgan & Austin, 1968; Tiedge & Brosius, 1996) . The presence of ribosomes (Steward & Levy, 1982) , a limited population of mRNAs (Miyashiro, Dichter, & Eberwine, 1994; Poon, Choi, Jamieson, Geschwind, & Martin, 2006; Steward, 1997) , and numerous factors participating in protein synthesis, as well as post-translational modification ability, enable local protein synthesis. This allows synapses temporal and spatial regulation of levels of specific proteins in a sovereign manner.
It appears that synaptic plasticity, spine stability, and learning and memory formation depend greatly on this local protein synthesis. Long term potentiation (L-LTP), a form of synaptic plasticity thought to underlie learning, is protein synthesis dependent, and has been shown to be sensitive to protein synthesis inhibitors like anisomycin (Frey, Krug, Reymann, & Matthies, 1988; Krug, Lossner, & Ott, 1984; Ris, Villers, & Godaux, 2009; Rosenblum et al., 2002) . Late phase of long term depression (LTD) was likewise shown to be dependent on protein synthesis (Linden, 1996) .
For a long time this synthesis has been believed to occur in the soma, until Kang and Schuman (1996) showed that local protein synthesis in dendrites is required for BDNF-induced potentiation independently of their cell bodies. Later studies confirmed this concept (Huber, Kayser, & Bear, 2000; Martin et al., 1997) . In order to sustain signal-specific and synapse-specific (Wang et al., 2009) protein synthesis, mRNAs translocate from the soma to dendrites in an activity-dependent manner. mRNAs are repressed for translation during trafficking to the dendrites and released from this inhibition upon signaling (Pascual, Luchelli, Habif, & Boccaccio, 2012) . Few of these mRNAs and their corresponding proteins have been studied extensively and are associated with intact synaptic plasticity and normal memory formation. Indeed, studies have shown impaired memory formation and altered LTP in animals with disrupted translocation of aCAMKII mRNA from cell body to dendrites (Miller et al., 2002) and LTP induction was shown to induce aCAMKII synthesis in dendrites (Ouyang, Rosenstein, Kreiman, Schuman, & Kennedy, 1999) . Another protein with increased expression following LTP is the immediate early gene Arc (Yin, Edelman, & Vanderklish, 2002) , displaying similar increased mRNA translocation to dendrites upon high-frequency stimulation (Steward, Wallace, Lyford, & Worley, 1998). In addition, Guzowski et al. (2000) showed that disruption of Arc expression impairs long term memory formation and maintenance of LTP. It is evident that local translation of these mRNAs has a major impact on intact synaptic plasticity. Tsokas et al. (2005) demonstrated that in acute hippocampal slices, the induction of protein-synthesis-dependent LTP increased the expression of elongation factor 1A (eEF1A), and eEF1A mRNA was shown to be present in dendrites that exhibit LTP and LTD (Huang, Chotiner, & Steward, 2005) . Increase in eEF1A levels following protein synthesis-dependent LTD was abolished by anisomycin, but not following LTP (Huang et al., 2005) , indicating that local synthesis of eEF1A is important in processes underlying mGluR-LTD formation.
eEF2 has been proposed to be a key biochemical sensor that couples neuronal transmission to spine plasticity. Verpelli et al. (2010) showed that mGluR/eEF2K-induced eEF2 phosphorylation promotes spine stability by controlling dendritic BDNF synthesis. It has been shown in hippocampal neurons that increase in eEF2 phosphorylation occurs following signaling with bicuculline, a GABA receptor antagonist, whereas treatment of the cells with TTX, an action potential blocker, decreased levels of phosphorylated eEF2 (Piccoli et al., 2007) . Another example is that following NMDA receptor activation in amphibian tecta or the superior colliculi of young rats, phosphorylation of eEF2 is increased. This increase in eEF2 phosphorylation is accompanied by an increase in a-CaMKII synthesis and Arc protein levels as well, but overall protein synthesis is decreased (Chotiner, Khorasani, Nairn, O'Dell, & Watson, 2003; Scheetz, Nairn, & Constantine-Paton, 1997 . These studies propose that phosphorylated eEF2 pathway promotes translation of some mRNAs like Arc, a-CaMKII, and BDNF, which are known to be poor initiators, while attenuating translation of the majority of proteins (not belonging to this exclusive group) in response to signaling activation (Belelovsky et al., 2009) .
A different study in Aplysia showed that LTF, a process underlying learning in Aplysia, requires translational control via dephosphorylation of eEF2. Moreover, phosphorylation of eEF2 and eEF2K was found to be regulated differently in the soma and neurites of sensory neurons in Aplysia through the mTORC1 pathway (Weatherill et al., 2011 ). It appears that in the soma eEF2 phosphorylation was increased, contributing to cap-dependent translation, but the opposite effect was detected in neurites, providing evidence that eEF2 phosphorylation is differentially regulated in separate compartments. Kanhema et al. (2006) showed that in the dentate gyrus of anesthetized rats BDNF-induced LTP led to rapid phosphorylation of eIF4E and eEF2, suggesting increased initiation, but decreased elongation. By treating in vitro synaptodendrosomes with BDNF the authors show an increase in p-eIF4E along with a-CaMKII synthesis, but not p-eEF2, proposing a compartment-specific regulation of elongation during ERKdependent BDNF-LTP. Another study conducted in cortical neurons showed an increase in elongation (decrease in phospho-eEF2) following BDNF treatment through mTOR pathway (Inamura, Nawa, & Takei, 2005) . All these suggest compartment-specific regulation of translation elongation through the eEF2 pathway, which appears to be a conserved mechanism in persistent forms of plasticity.
Furthermore, Sutton, Taylor, Ito, Pham, and Schuman (2007) report eEF2 to be a key sensor for quality of neurotransmission. Intrinsic action potential-mediated network activity in cultured hippocampal neurons maintains eEF2 in a relatively active state (dephosphorylated), whereas miniature neurotransmission strongly promotes eEF2 phosphorylation. They show that miniature synaptic events promote dendritic suppression of translation via eEF2 pathway.
eEF2 in learning and memory
The regulation of translation elongation has been found to play an important role in learning and memory. Particularly, taste learning paradigms, such as the negative-learning conditioned taste aversion (CTA), and the positive learning paradigm of novel taste learning have been used as models to explore the involvement of translation elongation in learning and memory of these tasks (Gal-Ben-Ari & Rosenblum, 2011) . The CTA paradigm is insular cortex-amygdala -dependent learning, which involves the association between a novel taste (conditioned stimulus; CS) and malaise (the unconditioned stimulus; US), resulting in subsequent avoidance of the novel taste (Rosenblum, Meiri, & Dudai, 1993) . A modification of CTA is the latent inhibition of CTA (LI-CTA) paradigm, wherein a novel taste is introduced to the animal, and is later given coupled to a malaise-inducing agent. This enables addressing the aversive memory per-se, as it eliminates normal neophobia (Rosenblum, Dudai, & Richter-Levin, 1996; Rosenblum et al., 1995) . In a similar way to other learning paradigms, CTA extinction, relearning, or reconsolidation can be measured (Akirav et al., 2006) .
Several phosphorylation events and increased levels of specific proteins in the insular cortex (IC), which contains the gustatory cortex (GC), are correlated with taste learning. Some of these have been demonstrated to be not only correlated with novel taste learning, but also necessary for it. For instance, tyrosine phosphorylation of the 2B subunit of the NMDA receptor is correlated with taste learning (Adaikkan & Rosenblum, 2012; Barki-Harrington, Elkobi, Tzabary, & Rosenblum, 2009; Rosenblum, Berman, Hazvi, Lamprecht, & Dudai, 1997) . Its necessity for memory formation has been demonstrated by local injection of the tyrosine kinase inhibitor, genistein, into the insular cortex, which impaired novel-taste memory in the LI-CTA paradigm (Barki-Harrington et al., 2009) . In addition, novel-taste learning enhanced the phosphorylation of eIF2a on Ser51 in the IC of rats within 30 min. However, blocking dephosphorylation of eIF2a indirectly through local application of Sal003, a potent analog of the eIF2a phosphatase inhibitor Salubrinal, impaired both positive and negative forms of taste memory, indicating that this phosphorylation is necessary for these learning tasks (Stern et al., 2013) . A correlative increase of PSD-95 expression was found following novel-taste learning. However, rats stereotactically injected into the IC with a lentiviral vector expressing siRNA directed against PSD-95 were impaired in this task, demonstrating causality for this protein as well (Elkobi, Ehrlich, Belelovsky, BarkiHarrington, & Rosenblum, 2008) . Furthermore, increased expression levels of C/EBPb protein were detected 18 h following noveltaste learning Yefet et al., 2006) .
Following novel taste learning, eEF2 phosphorylation increases within 20 min in the IC with no change in the total amount of eEF2 protein (Belelovsky, Elkobi, Kaphzan, Nairn, & Rosenblum, 2005; Gildish et al., 2012) . In addition, eEF2 phosphorylation is not altered following exposure to an insufficient amount of novel taste required to induce aversion toward it, indicating that increased eEF2 phosphorylation is correlated specifically with the formation of long lasting novel taste memory (Belelovsky et al., 2005) . Genetically engineered eEF2K KI mice containing a point mutation in the catalytic domain of eEF2K (the only known kinase of eEF2), which express low levels of eEF2 phosphorylation, but normal levels of eEF2 and eEF2K proteins, are impaired in CTA learning but not novel taste learning. This suggests that the regulation of eEF2 phosphorylation is crucial for associative taste memory formation (Gildish et al., 2012) . To better understand the role of eEF2 phosphorylation in associative taste learning (CTA), brain activity at the system level as measured by manganese-enhanced magnetic resonance imaging (MEMRI) was examined. CTA training induced accumulation of Mn 2+ in brains of both eEF2K KI and wild type mice, although with different localization patterns: Mn 2+ localization to specific brain areas was observed in the wild type group, whereas a less localized pattern was detected in the KI mice. Indeed, eEF2K KI mice had abnormal brain activity during conditioned taste aversion learning compared to wild type mice, but no differences were detected under basal conditions, suggesting that abnormality of memory processing on the system level underlies this impaired associative taste memory (Gildish et al., 2012) . In addition to GC-and amygdala-dependent taste learning, the eEF2 phosphorylation state is modulated following hippocampaldependent contextual fear conditioning and hippocampal-independent cued fear conditioning (Phillips & LeDoux, 1992) . Following fear conditioning training, eEF2 was dramatically dephosphorylated within 0.5-2 h in the hippocampus and the amygdala of trained mice (Im et al., 2009) . Furthermore, using hippocampusspecific eEF2K transgenic mice (hip-eEF2K-tg mice) that exhibit overexpression of eEF2K, dephosphorylation of eEF2 was prevented in the hippocampus following fear conditioning training, leading to impairment in long term contextual fear memory, but not long term cued fear memory. Moreover, hip-eEF2K-tg mice were impaired in long-term hippocampus-dependent (spatial) memory, as evaluated using Morris water-maze test.
It has been shown that the effects of ketamine, an NMDA receptor antagonist, are dependent on BDNF and subsequent activation of the high-affinity BDNF receptor, TrkB. Ketamine causes a decrease in phosphorylation of eEF2, which normally inhibits protein translation, suggesting translational de-repression of BDNF mRNA. In addition, inhibitors of eEF2K trigger a fast-acting antidepressant-like effect in mice. These findings suggest a behavioral and clinically relevant correlate of dendritic translational de-repression through blockade of NMDA receptors at rest, emphasizing eEF2K as a major molecular substrate mediating the rapid antidepressant effect of ketamine (Monteggia, Gideons, & Kavalali, 2012) .
In a recent study exploring the role of protein synthesis during sleep, intracortical inhibition of mTOR-dependent protein synthesis during sleep, but not in wakefulness, in the cat visual cortex abolished consolidation as measured using ocular dominance plasticity. Sleep also promotes the phosphorylation of protein synthesis regulators such as eEF2. In addition, the authors found a simultaneous increase in the phosphorylation of 4E-BP1 and eEF2 after 1-2 h of sleep. These changes appeared to be compartmentalized, i.e., increased p-4E-BP1 occurred preferentially in synaptoneurosomal fractions, whereas increased p-eEF2 occurred preferentially in total protein fractions, indicating increased translation initiation and decreased protein elongation, respectively (Seibt et al., 2012) .
Summary and future directions
There is ample molecular, cellular, and behavioral evidence pointing to a major role played by eEF2 in protein translation regulation pathways underlying learning and memory processes. As a result, eEF2 or its kinase eEF2K may serve as attractive targets for intervention in memory-related diseases, such as Alzheimer's disease, and therefore, more studies are required to better understand the regulation of eEF2 in health and disease. Clearly, the eEF2K KI mice can serve as an important tool to study the role of the eEF2 pathway in learning and synaptic plasticity. However, the fact that some of the eEF2 phosphorylation remains intact in these mice complicates unambiguous interpretation. New eEF2K KO or conditional KO mice will serve better to answer basic questions including the possibility that eEF2 is a post-synaptic decoder of presynaptic information as suggested before.
The advent of new technologies enables answering these questions, as we are now able to study molecular events in living cells at a resolution of a few cubic micrometers. It is possible that at present our understanding of the molecular and cellular processes underlying learning and memory is fragmentary, and only a fraction of the molecular entities involved in learning and memory have been indentified and studied. Future studies are likely to identify additional proteins synthesized in response to learning and memory processes, and determine their necessity for these processes, as well as predict and validate models of protein-protein interaction in this regard through computational approaches. Future studies in the field will also have to address questions of circuit specificity, namely, which cells participate in the formation and consolidation or retention of stable memories of different kinds.
